Background. Malnutrition (MN) is prevalent in cardiac surgery, but there are no specific preoperative risk factors of MN. The aim of this study is to assess the clinically relevant risk factors of MN for cardiac surgery patients.
INTRODUCTION
A significant number of preoperatively hospitalised patients are malnourished. It ranges from 1.2 to 46.4% among cardiac surgery patients (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Despite that, malnutrition is frequently neglected and not diag nosed in time. This leads to increased morbidity, mortality and impaired quality of life (12) (13) (14) (15) . These deleterious outcomes are responsible for increased hospital costs and a greater need for rehabilitation (16) . A precise and timely nutritional state assess ment would enable malnourished patients at a higher risk of postoperative complications to be identified. As a result, this could reduce both the incidence of adverse clinical outcomes and the treatment cost.
Bioelectrical impedance analysis (BIA) is a meth od of assessing body composition and nutritional status using impedance data of the tissues. Specific prediction equations for the estimation of the body compartments (e. g. fat mass (FM) and fat free mass (FFM)) have been developed and validated using gold standard techniques such as dualenergy Xray absorbmetry (DEXA) for healthy populations (17) . The point at issue is that predictive BIA equations might cause significant errors in some pathological states. Therefore the application of raw impedance data (e. g. reactance, resistance and phase angle (PA)) may have greater accuracy and potency in nutritional state evaluation (18) . This assumption is grounded by measuring the phase angle, which has been reported to be an indicator of adverse clinical outcomes and malnutrition in various conditions (19, 20) .
Cardiac surgery patients are in a poor nutrition al state because the body composition is altered by the changes occurring in acute and chronic dis ease (21) . Moreover, these patients are lacking in uptake or intake of nutrition and frequently have an impaired neurophysiological status or physical mo bility (22, 23) . Heart failure patients are not physi cally active because of the disease, and the disease progresses further because of the lack of exercise. Furthermore, a longer time spent in the hospital be fore surgery reduces physical activity (24) . Hospital ised patients suffer from high levels of anxiety and depression, which adversely affect their nutritional habits before surgery (25) . Thus, the nutritional state deteriorates further for preoperatively hospitalised patients.
Even though the conventional factors of mal nutrition are well known and their use is well es tablished in the European Society for Clinical Nu trition and Metabolism (ESPEN) recommended guidelines on malnutrition diagnostics (26) , there are no studies that can provide specific preopera tive malnutrition risk factors for cardiac surgery patients. Therefore, the aim of this study is to assess the early, specific and clinically relevant risk factors of malnutrition for cardiac surgery patients.
MATERIALS AND METHODS

Patients
An observational study was conducted in a tertiary referral university hospital between March 2013 and March 2014. Ethical approval for this study (Ethical Committee N°15820012561162) was provided by the Vilnius Regional Biomedical Research Eth ics Committee, Vilnius, Lithuania, on 29 November 2012.
During this period, data regarding patients un dergoing elective cardiac surgery were gathered. The only patients excluded from the study were those who did not agree to participate or had im paired mental function and could not give an in formed consent.
Nutritional state evaluation
The nutritional state of the patients was evaluated one day prior to surgery. BIA was performed us ing an InBody S10 (Biospace, Seoul, Korea) body composition analyser. The device was calibrated prior to the study and set to use a Caucasian pop ulation reference equation for the analysis. During the analysis the patients were in a supine position with arms abducted 15 degrees from the trunk and legs spread apart at the shoulder width and accord ing to all other recommendations of the ESPEN and the manufacturers (27) .
The measurement of the PA was obtained from BIA and was used to evaluate the nutritional state of the patients (28) . The mean segmental PA of the 50 kHz frequency was used to classify patients into groups of the nutritional state according to the age and gender reference values of the healthy subjects (29) . This step allowed the physiologi cal changes of the body composition occurring in women and elderly patients, which result in low er but not pathological values of the PA, to be ac counted for. The low PA margin was set at the 15th percentile of the mean population reference values, generating two groups of patients: malnourished and wellnourished (30) . The age and gender adjusted cutoff values of the PA are presented in the Figure. 
Assessment of risk factors
Preoperative variables expected to be associated with the development of preoperative malnutrition were obtained during a preoperative interview with the patients and using chart records. These variables included the questions asked in the ESPEN recom mended nutrition risk screening questionnaires, Nutritional Risk Screening 2002 (NRS2002), Mal nutrition Universal Screening Tool (MUST) and Mini Nutritional Assessment (MNA), and various clinical parameters and comorbidities presented in Table 1 (26) . These variables were divided into three clinically relevant groups of malnutrition risk factors: psychosocial and lifestyle factors, labora tory findings and diseaseassociated factors (31) . The psychosocial and lifestyle factors encompassed the intake of food and weight loss, the presence of depresssion and neurophysiological problems, the severity of the chronic disease, mood disorders and impaired mobility as defined in the latter ques tionnaires. The laboratory values tested were those indicating chronic inflammation, impaired haemo poiesis and other most clinically relevant parame ters for cardiac surgery patients. The diseaseasso ciated factors group was generated by employing all of the most prevalent comorbidities for the pa tients in question and by adding the hospitalisation and demographic parameters (32) .
Statistical analysis
Descriptive statistics were used to describe the baseline characteristics. The data is presented using the median and interquartile range [IQR] of the sample.
The distribution of low PA predictors between the two independent normally and nonnormally distributed data sets was evaluated using Studentt and Mann-Whitney U tests, respectively. The dif ferences between independent two qualitative data groups were evaluated by the Chisquared test.
Variables in each different group of low PA risk factors were entered into a univariate logistic regression model. Each group's factors found to be significant in the univariate logistic regression analysis were entered into three different multi variate logistic regression models with the forward model selection process.
A twotailed pvalue of less than 0.05 was con sidered to be significant. Statistical analysis was performed using the Statistical Analysis System (SAS) package version 9.2 and the statistical tools package IBM SPSS Statistics v21.
RESULTS
Baseline characteristics of the patients
Seven hundred and twelve patients were included in the study. The majority of the patients were men with low operative risk. The median age of the study group was 65 years. Twothirds of the hospitalised patients were scheduled to have CABG surgery. The most common comorbidities in the study population were hypertension, myocardial infarc tion, rhythm abnormalities and diabetes. Almost all of the patients had second or thirdclass cardiac congestion symptoms defined by the NYHA. These and other baseline characteristics are presented in Table 1 .
Nutritional state evaluation
Low PA was present in 163 (22.9%) patients. In this group the rates of low FFMI and unintended weight loss were higher. The incidence of low PA was higher within women and renal failure pa tients. Furthermore, higher rates of low PA were present in patients with cardiac congestion and enlarged ventricles and in those with valve pathol ogy. Also, the median values of the inflammation and anaemia markers were noted to be higher in the low PA group (Table 1) . These and other pos sible risk factors of malnutrition were entered into the regression analysis of the low PA risk factors.
Risk factors of malnutrition
The univariate and multivariate logistic regression analysis of low PA risk factors is presented in Ta ble 2. Analysis of various comorbidities and dis easerelated factors of malnutrition revealed the im portance of heart functions and valve pathology in the development of cardiac cachexia. NYHA IV class heart insufficiency, mitral valve insufficiency and renal failure were revealed as the most potent predictors of low PA, increasing the risk of malnu trition from two to four times. Moreover, the pre operative body mass index was also indicated as a predictor of malnutrition.
The laboratory values related to low PA were blood serum levels of haemoglobin (Hgb), Cre active protein (CRP) and platelet count. Decreased Hgb was strongly related to low PA, increasing the risk of malnutrition twofold for every 30 g/L decrease of its value. Whilst the reported effect of platelets on malnutrition was minor, the effect of CRP was unquestionable, increasing the risk of low PA by 50% for every 33 mg/L increase of its value. Univariate analysis of lifestyle and psychosocial factors represented as questions from the malnutri tion screening questionnaires revealed all three of these tools as potent predictors of low PA. Howev er, the multivariate analysis results favoured the an swers from the MNA questionnaire. The questions qualified as risk factors of malnutrition concerned the intake of food and the mobility of the patient. The answers to these questions resulted in an over all increase of malnutrition risk from two to three times, depending on the severity of the patients' an swers.
DISCUSSION
This study investigated the possible risk factors of preoperative MN in a group of cardiac surgery patients. Due to a vast variety of variables, they were divided into three groups: the comorbid ity and diseaserelated group, laboratory values and psychosocial and lifestyle factors as described in the current research on malnutrition devel opment (32) . All three groups were comprised of variables, which were found to be statistically sig nificant in the univariate regression analysis of low PA risk factors. Further analysis of the compounds of each group revealed the main risk factors of MN for cardiac surgery and, most importantly, provid ed the basis for early MN recognition and preven tion for these patients. The results are concordant with the main mechanisms responsible for the de velopment of MN and are discussed in literature: metabolic dysfunction and malabsorption, insuffi cient diet and the loss of nutrients via the digestive or urinary tracts (33) .
Amongst the comorbidities and other dis easerelated factors, the most potent predictors of MN were renal and heart failure (34, 35) . Both of these conditions can be either a cause or conse quence of MN. Malnourished patients often have a decreased cardiac muscle mass, which results in a decrease of cardiac output and reduced renal perfusion. Furthermore, energy, micronutrient and electrolyte deficiencies cause changes in cytokines, glucocorticoids, insulin and insulinlike growth factors, which also result in decreased cardiac function. Congestive heart failure further reduc es dietary intake and appetite sensation, creating the pathophysiological circulus vitiosus (36) .
There is an increasing evidence that neurohor monal and immune abnormalities play a crucial role in cardiac cachexia (33) . Studies have shown that this may be linked to raised plasma levels of inflammatory cytokines, such as tumour necro sis factor alpha, a possible result of cell hypoxia in heart failure (37) . Laboratory values related to MN were blood serum levels of haemoglobin, CRP and platelet count. These relationships reflect the mul tifactorial genesis of malnutrition (38) . The short age of nutrients is reflected by the suppression of erythropoesis and thrombopoesis (39) . The in crease of CRP levels is related to the chronic in flammation state of the undernourished tissues. All of these findings are concordant with the research on the origins of MN published in the ASPEN rec ommendations (38) . Therefore, it is important to account for these factors whilst preparing the pa tient for cardiac surgery and adjust the nutrition care, which has been shown to increase the PA (40) .
Psychosocial and lifestyle alterations add up to the complex nature of MN. In our study, psycho logical stress and neuropsychological problems, such as dementia or depression, are reported as risk factors of low PA (41) . These findings are in line with conventional risk factors of MN (42) . However, these variables are not independent from the mobil ity and food intake of the patient (43) . This empha sizes the strength of the relationship between these conditions and implies a need for proper psycholog ical screening of patients before surgery. Possible limitations of our study include general limitations of BIA and the specific nature of cardiac surgery patients. The regression equations used in BIA devices are based on measurements of healthy populations but are not adapted for unhealthy car diac surgery populations. Moreover, the specific ity of the studied population also contributes to the limited applicability of the results. These results may only be applied to cardiac surgery patients and must be further evaluated in alternative setting.
CONCLUSIONS
It is clear that MN leads to adverse outcomes in cardiac surgery patients, therefore it is crucial to identify the modifiable risk factors at an early stage of preoperative management. MN risk fac tors comprise three different clinical groups: psy chosocial and lifestyle factors, laboratory findings and diseaseassociated factors. The patients who are most likely to be malnourished are those with severe heart failure, valve pathology, insufficient re nal function and high inflammatory markers. Also these patients have decreased mobility and food in take before surgery.
